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(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately measure the physical 
properties of a liquid near the interface. 

SOLUTION: On a QCM (Quartz-Crystal Microbalance) electrode, a 
droplet of a sample liquid for the measurement of the physical 
properties is discharged and a liquid film with a predetermined film 
thickness is formed by this sample liquid. Then, the shift value of the 
QCM's resonant frequency due to the forming of this liquid film is 
measured. Since the resonant frequency and the viscosity coefficient of 
the sample liquid are related in prescribed formula, the viscosity 
coefficient of the sample liquid can be measured from the measured 
shift value. Therefore, if the droplet is discharged and the liquid film is 
formed, it is possible to accurately measure the physical properties of 
the liquid near the interface of the liquid film as the liquid film with the 
desired film thickness can be formed quickly. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Are the approach of measuring the physical properties of a liquid, and the drop of the sample solution 
object which is going to measure the (A) physical properties is breathed out on a diaphragm. A measuring method 
equipped with the process which forms the liquid membrane of predetermined thickness with this sample solution 
object, and the process which measures the physical properties of said sample solution object based on the 
variation of the resonance characteristic which carried out the (B) (C) aforementioned measurement with the 
process which measures change of the resonance characteristic of said diaphragm by said liquid membrane having 
been formed. 

[Claim 2] Said process (C) is a measuring method which is the process which measures the coefficient of 
viscosity of said sample solution object based on a difference value with the resonance frequency of this 
diaphragm before being a measuring method according to claim 1 and forming the resonance frequency of said 
diaphragm in the condition that said liquid membrane was formed, and this liquid membrane. 

[Claim 3] When it is a measuring method according to claim 1, and said process (A) is made to meet the process 
to which the head equipped with two or more nozzles which carry out the regurgitation of said drop is relatively 
moved to said diaphragm, and migration of said head and carries out the regurgitation of said drop from said two 
or more nozzles, it is a measuring method equipped with the process which forms liquid membrane on said 
diaphragm. 

[Claim 4] Said process (B) is a measuring method which is the process at which the resonance characteristic of 
said diaphragm is the process which measures the process in which it changes with time amount after being a 
measuring method according to claim 1 and forming said liquid membrane, and said process (C) measures change 
of the physical properties of said sample solution object based on a time change of said measured resonance 
characteristic. 

[Claim 5] It is a measuring method according to claim 1. Said process (A) the drop of said 1st sample solution 
object — breathing out — said diaphragm top — this — a breathe out drop of process [ which forms the liquid 
membrane of predetermined thickness with the 1st sample solution object ], and said 2nd sample solution object, 
and according to said 1 st sample solution object liquid membrane top — this — a measuring method equipped 
with the process which forms liquid membrane with the 2nd sample solution object. 

[Claim 6] A drop with the 1st sample solution object and a drop with the 2nd sample solution object are breathed 
out on a diaphragm, the approach of measuring the physical properties of a liquid — it is — (A) — this — the 1 st 
sample solution object — this — with the process which forms an interface with the 2nd sample solution object 
on this diaphragm (B) The process at which the resonance characteristic of said diaphragm measures the process 
in which it changes with time amount after the interface of said 1st sample solution object and said 2nd sample 
solution object is formed. (C) Measuring method equipped with the process which measures change of the 
physical properties of the sample solution object in said interface based on the variation of said measured 
resonance characteristic. 

[Claim 7] It is the measuring method which is the process which measures the resonance characteristic in case it 
is a measuring method according to claim 1 or 6 and this diaphragm vibrates in the direction where said process 
(B) is parallel to the interface formed between said liquid membrane and said diaphragms. 

[Claim 8] It is the measuring method which is the process which measures the resonance characteristic of this 
Xtal diaphragm at the time of being a measuring method according to claim 7, sliding in the direction in which said 
process (A) is a process which forms the liquid membrane of said sample solution object on the Xtal diaphragm, 
and said process (B) intersects the thickness direction in a front-face [ of said Xtal diaphragm ], and rear-face 
side, and making it vibrate. 

[Claim 9] Are the measuring device which measures the physical properties of a liquid, and the drop of a 
diaphragm and the sample solution object which is going to measure physical properties is breathed out on said 
diaphragm. The liquid membrane means forming which forms the liquid membrane of predetermined thickness with 
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this sample solution object, and a resonance characteristic measurement means to measure the resonance 
characteristic of said diaphragm with which said liquid membrane was formed. The measuring device equipped with 
a liquid physical-properties measurement means to measure the physical properties of said sample solution object, 
based on the variation of said measured resonance characteristic and the resonance characteristic of said 
diaphragm in the condition that said liquid membrane is not formed. 

[Claim 10] It is the measuring device which is a means to measure resonance frequency when it is a measuring 
device according to claim 9, said diaphragm is the Xtal diaphragm and said resonance characteristic measurement 
means carries out thickness skid vibration of said Xtal diaphragm. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Reld of the Invention] This invention relates to the technique which can measure the physical properties of the 
liquid near a liquid front face with a sufficient precision in detail about the technique which measures the physical 
properties of a liquid. 
[0002] 

[Description of the Prior Art] The technique which breathes out an ink droplet from a nozzle and forms an image 
on print media is used widely. In order to attain high definition-ization, it is important that precision improves the 
regurgitation to the location which aimed at the ink droplet. A fine thing is desirable and it is [ the magnitude of an 
ink droplet must not have dispersion in magnitude, and ] desirable for the regurgitation [ the ink droplet of further 
various magnitude ] to be possible. 

[0003] The phenomenon in which an ink droplet carries out the regurgitation is influenced by the nozzle of the ink 
physical properties near [ which was formed in the nozzle ] an ink interface. For this reason, if the ink physical 
properties (for example, coefficient of viscosity, an elastic modulus, etc.) near an ink interface can be measured 
with a sufficient precision, it will be thought that it becomes possible to carry out the regurgitation of the ink 
droplet more correctly. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it was impossible to have measured the liquid physical 
properties not only ink but near a gasHiquid interface with a sufficient precision. Of course, although the 
equipment which measures the coefficient of viscosity of a liquid and an elastic modulus is marketed, these 
cannot measure the physical properties inside a liquid and cannot measure the liquid physical properties in a gas- 
liquid interface. In the gas-liquid interface, since possibility that liquid physical properties differ from the interior 
of a liquid is pointed out by the effect of evaporation of a liquid component, condensation of specific components, 
such as a surface activity component, etc., development of a measurable technique with a sufficient precision is 
expected strongly the liquid physical properties near a gasHiquid interface. 

[0005] This invention is made in order to solve the above-mentioned technical problem in the conventional 
technique, and it aims the liquid physical properties near a gas-liquid interface at offer of a measurable technique 
with a sufficient precision. 
[0006] 

[The means for solving a technical problem, and its operation and effectiveness] The next configuration was used 
for the 1st measuring method of the liquid physical properties of this invention in order to solve a part of above- 
mentioned technical problem [ at least ]. Namely, are the approach of measuring the physical properties of a liquid, 
and the drop of the sample solution object which is going to measure the (A) physical properties is breathed out 
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on a diaphragm. Let it be a summary to have the process which forms the liquid membrane of predetermined 
thickness with this sample solution object, and the process which measures the physical properties of said sample 
solution object based on the variation of the resonance characteristic which carried out the (B) (C) 
aforementioned measurement with the process which measures change of the resonance characteristic of said 
diaphragm by said liquid membrane having been formed. 

[0007] Moreover, the 1 st measuring device of the liquid physical properties of this invention corresponding to the 
above-mentioned measuring method Are the measuring device which measures the physical properties of a liquid, 
and the drop of a diaphragm and the sample solution object which is going to measure physical properties is 
breathed out on said diaphragm. The liquid membrane means forming which forms the liquid membrane of 
predetermined thickness with this sample solution object, and a resonance characteristic measurement means to 
measure the resonance characteristic of said diaphragm with which said liquid membrane was formed. Let it be a 
summary to have a liquid physical-properties measurement means to measure the physical properties of said 
sample solution object, based on the variation of said measured resonance characteristic and the resonance 
characteristic of said diaphragm in the condition that said liquid membrane is not formed. 

[0008] In the 1st measuring method and 1st measuring device of these liquid physical properties, change of the 
resonance characteristic of this diaphragm by having formed the liquid membrane of predetermined thickness on 
the diaphragm, and having formed this liquid membrane is measured by carrying out the regurgitation of the drop 
of a sample solution object. The variation of the resonance characteristic of a diaphragm is influenced of the 
physical properties of the sample solution object in near the front face of this diaphragm. Therefore, if change of 
the resonance characteristic when forming the liquid membrane of predetermined thickness is measured, the 
liquid physical properties (for example, coefficient of viscosity, the dynamic elastic modulus of a liquid, etc.) in the 
location near the interface which only predetermined distance separated from the gasHiquid interface of liquid 
membrane can be measured with a sufficient precision. 

[0009] In addition, in the 1st measuring method or 1st measuring device of such liquid physical properties, it is 
changing the thickness of the liquid membrane to form, and it cannot be overemphasized that it is measurable in 
the liquid physical properties in the location where only a desired distance was far apart from the gasHiquid 
interface. 

[0010] In the 1st measuring method of these liquid physical properties, it is good also as measuring the coefficient 
of viscosity of said sample solution object based on the difference value of the resonance frequency of said 
diaphragm in the condition that said liquid membrane was formed, and the resonance frequency of this diaphragm 
before this liquid membrane is formed. 

[0011] Although later mentioned in a detail, if the variation of the resonance frequency of a diaphragm can be 
found, since the coefficient of viscosity of a liquid is computable with an easy formula, it becomes [ to compute 
the coefficient of viscosity of the liquid near the interface simple ] possible and is desirable. 
[0012] It is good also as facing breathing out a sample solution object and forming liquid membrane, moving 
relatively the head equipped with two or more nozzles which carry out the regurgitation of this drop to a 
diaphragm, breathing out said drop from these two or more nozzles to compensate for migration of this head, and 
forming liquid membrane. 

[0013] If the regurgitation of the drop is carried out from two or more nozzles, moving a head relatively to a 
diaphragm, the liquid membrane of uniform thickness can be quickly formed on a diaphragm. In this way, if the 
liquid membrane of uniform thickness can be formed quickly, since it becomes possible from from to measure the 
liquid physical properties near the interface immediately after forming an interface, it is desirable. 
[0014] Moreover, in the 1st measuring method of the liquid physical properties mentioned above, after said liquid 
membrane is formed, it is good also as the resonance characteristic of said diaphragm measuring the process in 
which it changes with time amount, and measuring change of the physical properties of said sample solution 
object from a time change of this resonance characteristic. 

[0015] When the matter which is usually considered that volatilization or evaporation of the component of a 
sample solution object has occurred, and has a surface activity operation in a sample liquid is contained, it is 
known for the gas-liquid interface of liquid membrane that such matter will condense near an interface. It is 
thought that such a phenomenon advances inside liquid membrane gradually with the passage of time although 
generated near the interface immediately after forming liquid membrane. Therefore, if the resonance 
characteristic of a diaphragm measures the process in which it changes with time amount after forming liquid 
membrane, the effect of a gas-liquid interface will become possible [ observing signs that the interior of a liquid is 
permeated ]. If the behavior of the ink interface formed in a nozzle is correctly controllable by especially the 
printer that breathes out an ink droplet and prints an image, since it is thought that image quality can be raised 
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greatly, such fundamental information in connection with the behavior of the ink in a nozzle interface turns into 
very significant information on the occasion of development of a printer or selection of suitable ink. 
[0016] Moreover, in the 1st measuring method of the liquid physical properties mentioned above, after breathing 
out the drop of the 1st sample solution object and forming the liquid membrane of predetermined thickness with 
the 1st sample solution object on a diaphragm, it is good also as breathing out the drop of the 2nd sample solution 
object and forming liquid membrane with the 2nd sample solution object. 

[0017] If it carries out like this, according to the thickness of liquid membrane with the 1st sample solution object, 
the 1st sample solution object and the 2nd sample solution object will become possible [ measuring the effect by 
change of the liquid physical properties by doing an interaction by the mutual interface, or this interaction to the 
location where only predetermined distance was far apart from the interface etc. ]. Especially, in an Inkjet printer, 
the regurgitation of the ink droplet from which a class differs may have to be further carried out from on the ink 
droplet which breathed out the ink droplet in two or more kinds of ink. was printing the image and was breathed 
out. Furthermore, in order to improve coloring of ink. fixable [ to print media ], and weatherability. the regurgitation 
of the ink droplet may be carried out from from [ after breathing out a special drug solution ]. In such a case, the 
interaction is working in the interface part with mutual liquids, such as ink breathed out previously or drug solution, 
and ink breathed out later. When such an interaction was observable, on the occasion of development and 
amelioration of ink or a drug solution, it became very significant information, but since it was the phenomenon 
which produces such a phenomenon locally and moreover progresses quickly on the other hand, it was difficult to 
observe the interaction in an interface. If the approach mentioned above is used, it is possible to measure the 
liquid physical properties near the interface, and measurement can be started immediately after forming liquid 
membrane on a diaphragm moreover. Therefore, it becomes [ such a different sample soluti'on object ] possible 
[ measuring change of the liquid physical properties by interacting mutually by the interface simple ] and is 
suitable. 

[0018] The next configuration was used for the 2nd measuring method of the liquid physical properties of this 
invention in order to solve a part of technical problem [ at least ] mentioned above. A drop with the 1st sample 
solution object and a drop with the 2nd sample solution object are breathed out on a diaphragm, namely, the 
approach of measuring the physical properties of a liquid — it is — (A) — this — the 1 st sample solution object 
— this — with the process which forms an interface with the 2nd sample solution object on this diaphragm (B) 
The process at which the resonance characteristic of said diaphragm measures the process in which it changes 
with time amount after the interface of said 1st sample solution object and said 2nd sample solution object is 
formed. (C) Let it be a summary to have the process which measures change of the physical properties of the 
sample solution object in said interface based on the variation of said measured resonance characteristic. 
[0019] In the 2nd measuring method of such liquid physical properties, a drop with the 1st sample solution object 
and a drop with the 2nd sample solution object are breathed out, and the interface of these sample solution 
object is formed on a diaphragm. Subsequently, the resonance characteristic of this diaphragm measures the 
process in which it changes with time amount, and physicaHproperties change of these sample solution object in 
this interface is measured based on the obtained variation. 

[0020] In this way, in near an interface, if the interface of a different sample solution object is formed on a 
diaphragm, when a sample solution object does an interaction, signs that liquid physical properties change are 
observable. Especially the ink breathed out by the location which approached in order to breathe out the ink 
droplet in two or more kinds of ink and to print an image in an ink jet printer has done a certain interaction 
mutually near the interface, and they are considered that this has affected the so-called affinity of ink. Although 
it became very significant information on the occasion of development of new ink and selection of ink when the 
information about such an interaction could be measured, it was difficult to observe such a local phenomenon. If 
the approach mentioned above is used, since a different sample solution object can measure change of the liquid 
physical properties by interacting mutually by the interface simple, it is desirable. 

[0021] In such 1st or 2nd measuring method, it is good also as measuring the following properties as the 
resonance characteristic of said diaphragm. That is, when liquid membrane is formed on this diaphragm, it is good 
for a direction parallel to the interface formed between this liquid membrane and this diaphragm also as measuring 
the resonance characteristic in case this diaphragm vibrates. 

[0022] Various oscillatory-type voice, such as a gestalt which vibrates in the direction in which the oscillatory- 
type voice of a diaphragm intersects the interface of liquid membrane and a diaphragm, and a gestalt to which the 
front face of a diaphragm vibrates in the direction parallel to this interface, exists. Among these, if the front face 
of a diaphragm is vibrated with the gestalt which vibrates in the direction parallel to an interface, since the effect 
of viscous of a liquid can be effectively done to a diaphragm and the detection sensitivity of liquid physical 
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properties can be raised as the result, it is desirable. 

[0023] In such 1 st or 2nd measuring method, it is good also as measuring the resonance characteristic of this Xtal 
diaphragm when sliding in the thickness direction and the crossing direction and vibrating a front-^ace [ of this 
Xtal diaphragm ], and rear-face side, using the Xtal diaphragm as said diaphragm. 

[0024] Although the diaphragm which has the electrostrictive effect and the piezo-electric effect made from the 
ceramics is also suitably applicable as a diaphragm, since the Xtal diaphragm becomes it is accurate and 
measurable about liquid physical properties, it is desirable by knowing vibrating to stability very much and using 
this diaphragm. In addition, although the various diaphragms with which the resonance characteristics differ can 
be obtained with the include angle which cuts down a crystal to the growth shaft of Xtal as such a Xtal diaphragm, 
carrying out thickness skid vibration is extremely known by stability, and the Xtal diaphragm cut down at an angle 
of predetermined [ which is called the so-called AT cut ] can be especially used suitably as a diaphragm. 
[0025] 

[Embodiment of the Invention] In order to explain an operation and effectiveness of this invention more clearly, 
the example of this invention is explained according to the following sequence. 

A. equipment configuration: — A-1. hardware configuration: — outline [ of the A~2. sensor section (QCM) ]: — 
A-3. gaging-system: — measuring method [ of B, liquid physical properties ]: — C. modification: [0026] A. 
equipment configuration: — A-1. hardware configuration: — drawing 1 is the explanatory view having shown the 
hardware configuration of the liquid physical-properties measuring device of this example. The liquid physical- 
properties measuring device 10 of this example has roughly composition incorporating the sensor called 
QCM(Quartz-Crystal Microbalance) 100 to the so-called ink jet printer as illustrated. In QCM, in case a metal 
membrane is made to vapor^deposit by chemical vacuum deposition or the physical vapor deposition, in order to 
measure the thickness of a metal membrane, it is the thickness sensor currently used widely. About QCM 100, it 
mentions later. 

[0027] An InkJet printer is a printer which forms an ink dot on a print sheet and prints an image by carrying out 
the regurgitation of the detailed ink droplet, making carriage 12 reciprocate on a print sheet. Hereafter, signs that 
an Inkjet printer prints an image are explained briefly, referring to drawing 1 . The discharge head for carrying out 
the regurgitation of the ink droplet is built in carriage 12. In printing an image, the top-face side of carriage 12 is 
equipped with an ink cartridge, and it usually supplies ink to a discharge head. A print sheet is conveyed with the 
paper feed roller 14 in the predetermined location of the carriage 12 bottom. Carriage 12 makes an ink droplet 
breathe out from a discharge head, if a print sheet is set to a predetermined location, reciprocating a print sheet 
top. Carriage 12 is led to two guide rails 18 so that it may illustrate, and it is driven by the carriage motor 22 
through a driving belt 20. Thus, the actuation which makes carriage 12 reciprocate is called horizontal scanning. It 
is made to synchronize with horizontal scanning of carriage 12, the paper feed roller 14 is driven, and a print 
sheet is moved little by little in a main scanning direction and the direction of a right angle. Thus, the actuation 
for which a discharge head and a print sheet are relatively moved in the direction which intersects a main 
scanning direction is called vertical scanning. In this way, an ink dot is formed on a print sheet by carrying out 
vertical scanning of the print sheet, carrying out horizontal scanning of the carriage 1 2, and carrying out the 
regurgitation of the ink droplet to suitable timing in accordance with this, and the ink jet printer is printing the 
image by this. 

[0028] In the liquid physical-properties measuring device 10 of this example, the regurgitation of the drop of the 
sample solution object which is going to measure physical properties is carried out instead of an ink droplet. 
Corresponding to this, the ink cartridge is removed and a sample solution object is supplied to a discharge head 
instead of ink. The sample solution object is contained by the container 30 and supplied to a discharge head 
through a tube 24 from the ink feed hopper 26 prepared in carriage 1 2. 

[0029] Moreover, in the liquid physical-properties measuring device 1 0 of this example, some platen plates 1 6 are 
removed and it is equipped with QCM 100 so that it may illustrate. When carriage 12 carries out horizontal 
scanning of QCM100, a location where the discharge head built in carriage 12 passes through the upper part of 
QCM 100 is equipped with it. About QCM 100, it mentions later. Moreover, to an ink jet printer, in order to prevent 
the blinding of a nozzle, when not carrying out the regurgitation of the ink droplet, the wrap cap 32 and the 
suction pump 34 for sucking ink out of a discharge head are formed, and a discharge head is later mentioned also 
about these. 

[0030] Drawing 2 is the explanatory view having shown signs that carriage 12 was seen from the inferior-surface- 
of-tongue 16, i.e., platen plate, side of carriage 12. The nozzle train of a discharge head is prepared in the inferior 
surface of tongue of carriage 12 two or more sets. In this example, the color ink jet printer which breathes out the 
ink of a cyanogen color, a Magenta color, the Hierro color, and four black colors, and prints a color picture is used, 
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and corresponding to this, in addition to the nozzle train CA for cyanogen ink, the nozzle train MA for Magenta ink. 
the nozzle train YA for Hierro ink. and the nozzle train of a total of four classification by color of the nozzle train 
KA for black ink are prepared in the inferior surface of tongue of carriage 1 2 so that it may illustrate. When a 
sample solution object is supplied to a discharge head, from the nozzle train prepared in the inferior surface of 
tongue of carriage 1 2, the drops of a sample solution object will be breathed out all at once instead of an ink 
droplet. 

[0031] It is possible to control the magnitude of the drop which carries out the regurgitation by the ink jet printer 
of this example, in order to form the liquid membrane of a sample solution object with a quickly and sufficient 
precision on QCM100. The mechanism which controls hereafter the magnitude of the drop which carries out the 
regurgitation is explained referring to drawing 3 . Drawing 3 (a) is the nozzle Nz which carries out the regurgitation 
of the drop prepared in the discharge head. It is the sectional view having shown structure notionally. Liquid 
****** 62 which accumulates the liquid which carries out the regurgitation in each nozzle so that it may illustrate, 
liquid ****** 62, and nozzle Nz The reservoir 64 for supplying the path 60 to connect and the liquid which carries 
out the regurgitation to liquid ****** 62 etc. is formed. Moreover, piezo-electric element PE is prepared on liquid 
****** 62. The sample solution object supplied to the discharge head through the tube 24 from the container 30 
is led to liquid ****** 62 through a reservoir 64. Piezo-electric element PE is a component which the crystal 
structure is distorted and changes electric-mechanical energy into a high speed extremely, when an electrical 
potential difference is impressed as everyone knows. The side attachment wall of liquid ****** 62 is made to 
deform at this example by impressing the electrical potential difference of a predetermined wave to inter- 
electrode [ which was prepared in the both ends of piezo-electric element PE ]. Then, the volume of liquid ****** 
62 decreases, the sample solution object equivalent to the decrement of the volume serves as Drop Ip, and it is 
breathed out from Nozzle Nz. This drop Ip will form liquid membrane on QCM100. 

[0032] Drawing 3 (b) is controlling the voltage waveform impressed to piezo-electric element PE, and is the 
explanatory view having shown the principle which changes the magnitude of the drop which carries out the 
regurgitation, nozzle Nz from — in order to carry out the regurgitation of the drop Ip, a negative electrical 
potential difference is impressed to piezo-electric element PE. a sample solution object is once inhaled in liquid 
****** 62 from a reservoir 64, a forward electrical potential difference is impressed to piezo-electric element PE. 
the volume of liquid ****** is decreased, and Drop Ip is made to breathe out after that Since aisle resistance is 
between a reservoir 64 and liquid ****** 62, the inflow of the liquid from a reservoir 64 stops here, the sample 
solution object equivalent to the variation of the volume of liquid ****** flowing, if the suction rate of a sample 
solution object is proper, but meeting the deadline, if a suction rate is too quick. Consequently, the sample 
solution object of a path 60 flows backwards to liquid ******, and the interface of the liquid near a nozzle will be 
in the condition of having retreated greatly. The voltage waveform b which the voltage waveform a shown in 
drawing 3 (b) as the continuous line showed the wave which attracts a sample solution object at a proper rate, 
and was shown with the broken line shows a wave-like example attracted at a bigger rate than a proper rate. 
[0033] Where sample solution object sufficient in liquid ****** 62 is supplied, if a forward electrical potential 
difference is impressed to piezo-electric element PE, the drop Ip of the volume equivalent to volume reduction of 
liquid ****** 62 will be breathed out from Nozzle Nz. On the other hand, if a forward electrical potential 
difference is impressed after the amount of supply of a sample solution object was insufficient and the liquid 
interface has retreated greatly, the drop breathed out will turn into a small drop. Thus, it is possible to control the 
magnitude of the ink droplet which carries out the regurgitation by controlling the negative voltage waveform 
impressed before the regurgitation of a drop by this example, and changing the suction rate of a sample solution 
object. 

[0034] A-2. The outline of the sensor section (QCM) : drawing 4 is the explanatory view showing the outline of 
QCM100. Drawing 4 (a) shows the appearance configuration of QCM100. and drawing 4 (b) shows the fundamental 
structure of QCM100 notionally. Moreover, drawing 4 (c) shows the equivalent electrical circuit of QCM100. 
QCM 100 has the structure where the sheet metal 104 which cut down and created the crystal of Xtal was 
dedicated in the electrode holder 102. It is possible for the sheet metal 104 of Xtal to be cut down at an angle of 
predetermined to the crystal growth shaft, and for the respectively thin electrode 106 to be formed in the front- 
face and rearH^ace side, and to impress an electrical potential difference to the sheet metal 104 of Xtal from the 
exterior. 

[0035] If electric polarization will arise, electromotive force will occur inside, if a quartz plate generally applies the 
force from the exterior and it is made to deform (piezo-electric operation), and an electrical potential difference 
is applied from the exterior and a charge is supplied, it is known that there is a property (electrostriction 
operation) in which a quartz plate deforms. Such a property of a quartz plate to produce electromotive force in 
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connection with deformation is resistance R1, as electrically shown in drawing 4 (c). Capacitor CI And C2 Coil LI 
It is known that it is equivalent to the electrical circuit constituted. The quartz plate has electric natural 
frequency, and if the electrode 106 prepared in the both sides of the sheet metal 104 of Xtal is connected to a 
power source, a circuit will start an oscillation with natural frequency and will vibrate on the frequency as an 
oscillation frequency also with the same sheet metal 104 of Xtal, so that clearly from the equal circuit shown in 
drawing 4 (c). The frequency to oscillate is mainly decided by the include angle which cut down sheet metal to the 
crystal growth shaft, and thickness of sheet metal, and the oscillatory-type voice of a quartz plate is determined 
by the include angle which cut down sheet nrietal. In QCM, the quartz plate usually cut down at an angle of 
predetermined [ which is called an AT cut ] is used, and the oscillatory-type voice of the quartz plate by which 
the AT cut was carried out turns into a gestalt in which thickness skid vibration, i.e., the front face and rear face 
of sheet metal, vibrates so that it may shift in the thickness direction and the direction of a right angle of a quartz 
plate mutually. 

[0036] Next, the principle which measures the physical properties of a liquid using QCM100 is explained. Drawing 
5 is the explanatory view which expanded the situation on the front face of a quartz plate when vibrating a quartz 
plate, and was notionally shown in the liquid. Here, the AT cut of the quartz plate is carried out, and it is made 
into the so-called thing which is carrying out thickness skid vibration. If a quartz plate carries out thickness skid 
vibration in a liquid, as the liquid of the part which has touched on the surface of the quartz plate is dragged 
according to a viscous operation, it will vibrate with the front face of a quartz plate. The arrow head which the 
arrow head of void shown all over drawing expressed typically signs that the sheet metal 104 of Xtal was vibrating, 
and was shown as the thick continuous line shows notionally signs that the liquid is vibrating in the direction 
parallel to a front face. In the part which touched the sheet metal 104 of Xtal, a liquid vibrates with the same 
amplitude as a quartz plate so that it may illustrate, but if it separates from a front face, the amplitude will 
become small rapidly and the liquid will not vibrate any longer in predetermined distance ****** and time from a 
front face. For example, although it vibrates in a near a front face in the example shown in drawing 4 at the 
almost same amplitude as the Xtal front face, in b points which left a few, the amplitude becomes small suddenly, 
and it is hardly vibrating in c points which only predetermined distance separated from the front face. 
[0037] Thus, when a quartz plate is vibrated in a liquid, the liquid of the predetermined range will also vibrate from 
a front face to coincidence with a quartz plate. In this way, as a result of a quartz plate's vibrating dragging the 
liquid which is in the predetermined range from a front face, the resonant frequency (namely, oscillation frequency 
of a circuit) of a quartz plate serves as a different value from the resonant frequency when vibrating in air, or an 
oscillation frequency. More liquids will be dragged and the shift amount of a resonant frequency also becomes 
large, so that the shift amount of this resonant frequency (oscillation frequency) is based on a viscous operation 
of a liquid and the viscosity of a liquid becomes high. That is, the resonant frequency (oscillation frequency) of the 
quartz plate in the inside of a liquid is measured, and if the shift amount from the own resonant frequency of a 
quartz plate is calculated, it will become possible to measure the viscosity of a liquid. 

[0038] According to the detailed experiment, between shift-amount deltaF of an oscillation frequency when 
oscillating a quartz plate in a liquid, and the viscosity eta of a liquid, it turns out that relation like a degree type is 
realized. 

deltaF=kandroot (F-rho-eta) — (1) 

Here, k is a proportionality constant, F is the own resonant frequency of a quartz plate, and rho is the 
consistency of a liquid. Each value of rho can also measure the value of F beforehand. Therefore, if the oscillation 
frequency of the quartz plate in the inside of a liquid is measured and the shift amount of a frequency is 
calculated, it will become possible from (1 ) type to compute the coefficient of viscosity of a liquid. 
[0039] A-3. Gaging system : drawing 6 is the block diagram showing the outline of the gaging system constituted 
using the liquid physical-properties measuring device 10 of this example. The system which measures liquid 
physical properties consists of a controller 50 which controls QCM100, the carriage 12 which built in the 
discharge head which carries out the regurgitation of the drop, the carriage motor 22 to which horizontal scanning 
of the carriage 12 is carried out. a discharge head or the carriage motor 22, etc., a measuring instrument 150 
which measures the oscillation frequency of QCM100. The sample solution object contained by the container 30 
is supplied to the discharge head in carriage 1 2 through a tube 24. 

[0040] A controller 50 is the computer of the common knowledge constituted by connecting CPU, RAM, ROM, etc. 
mutually by bus. Moreover, the drive circuit of dedication, such as the horizontal-scanning mechanical component 
52, and the head mechanical component 54, the pump mechanical component 56. is also carried in the controller 
50. The program for driving a discharge head and forming a drop on QCM100 is stored in ROM of a controller 50. 
carrying out horizontal scanning of the carriage 1 2. If CPU of a controller 50 reads and performs the program of 
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the dedication stored in ROM, the horizontal-scanning mechanical component 52 and the head mechanical 
component 54 will drive the carriage motor 22 and a discharge head appropriately, respectively, the drop of a 
sample solution object will be breathed out. and a drop will be formed in the predetermined location on QCM100. 
As mentioned above, the sheet metal 104 of Xtal is contained by QCM100. and if liquid membrane is formed on 
sheet metal 104, the oscillation frequency of a quartz plate will shift, A measuring instrument 150 detects this 
shift amount. In addition, about the pump mechanical component 56, it mentions later. 

[0041] The measuring instrument equipped with the frequency-assignment section 152, the oscillating electrical- 
potential-difference generating section 1 54, the current detecting element 1 56, the armature-voltage control 
section 158, and the Records Department 160 is being used for a measuring instrument 150 as the oscillation 
frequency of QCM100 is shown in drawing 6 here, although you may be what kind of measuring instrument as long 
as it is measurable with a sufficient precision. A measuring instrument 150 measures the oscillation frequency of 
QCM100 as follows. 

[0042] First, the oscillating electrical potential difference of the fr-equency which specified the frequency which it 
is going to measure in the frequency-assignment section 152, and was specified in the oscillating electrical- 
potential-difference generating section 154 is generated. The generated oscillating electrical potential difference 
is impressed to two electrodes of QCM100, and forms one AC circuit with QCM100 and a measuring instrument 
1 50. Therefore, in a circuit, alternating current will flow according to the electrical potential difference generated 
in the oscillating electrical-potential-difference generating section 1 54. The alternating current which flows a 
circuit is detected by the current detecting element 156, and the armature-voltage control section 158 controls 
the electrical-potential-difference amplitude value of the oscillating electrical-potential-difference generating 
section 154 so that the actual value of alternating current always turns into a predetermined value. In this way, it 
is controlled by the circuit as the alternating current of predetermined actual value is always flowing. Thus, in the 
condition of being controlled so that the actual value of alternating current turns into a predetermined value, the 
frequency-assignment section 152 changes into high frequency the frequency of the oscillating electrical 
potential difference impressed to the electrode of QCM100 little by little from low frequency. Since the 
impedance of a circuit will decrease suddenly if an assignment frequency approaches the resonance frequency of 
QCM100, the armature-voltage control section 158 controls the oscillating electrical-potential-difference 
generating section 1 54 so that the amplitude of the oscillating electrical potential difference to impress becomes 
-small. At the Records Department 160, the amount of armature-voltage control in an assignment frequency and 
its frequency is received and recorded from the frequency-assignment section 152 and the armature-voltage 
control section 158. In this way, if it asks for the frequency to which the oscillating electrical potential difference 
is the smallest, it can ask for the oscillation frequency of QCM100. 

[0043] In addition, it may not be based on the method mentioned above, but the oscillation frequency of QCM100 
may be measured as follows using the Fourier transform. If drawing 6 is diverted and it explains briefly, first, the 
synthetic voltage waveform for measurement will be generated in the oscillating electrical-potential-difference 
generating section, and it will be impressed by the electrode of QCM100. The oscillating voltage waveform of the 
frequency component of the range which it is going to measure is contained in the synthetic voltage waveform. 
Subsequently, the oscillating current which flows a circuit is detected by the current detecting element 156. If the 
ratio of each frequency component js computed by carrying out the Fourier transform of the oscillating voltage 
waveform impressed to the electrode of QCM100, and the measured oscillating-current wave and it asks for the 
biggest frequency of a current value from an electrical-potential-difference value, the oscillation frequency of 
QCM100 can be known, 

[0044] By the approach using such the Fourier transform, since it is not necessary to measure, changing the 
frequency of an oscillating electrical potential difference little by little, there is an advantage that it can measure 
quickly in a short time. On the other hand, according to the approach of measuring a current value, it can 
measure with a sufficient precision, changing the frequency of an oscillating electrical potential difference slowly, 
as mentioned above. Therefore, in order to measure strength, sharpness of resonance (the so-called Q value of a 
quartz resonator), etc. of resonance with a sufficient precision, a result with more desirable measuring, changing a 
frequency is obtained in many cases. 

[0045] Moreover, it can also measure also by the approach of measuring the amplitude of the alternating current 
which flows a circuit, impressing the oscillating electrical potential difference of a fixed electrical potential 
difference other than the approach of detecting the electrical-potential-difference value impressed to an 
electrode while controlling like [ even when measuring changing the frequency of an oscillating electrical potential 
difference ] the approach mentioned above so that the actual value of alternating current becomes fixed. When 
this approach is used, structure of a measuring instrument can be made simple. On the other hand, when 
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measuring on the conditions that the actual value of alternating current is certain, there is an advantage that 
there is no possibility that an excessive current may flow in a circuit and QCM may be damaged. 
[0046] B. The measuring method of liquid physical properties : drawing 7 is a flow chart which shows the 
procedure which measures the physical properties of a sample solution object using the liquid physical-properties 
measuring device 10 of this example. Below, the measurement procedure of liquid physical properties is explained 
according to this flow chart 

[0047] Initiation of measurement fills up the discharge head in carriage 12 with a sample solution object first (step 
S10). As shown in drawing 1 , the sample solution object is contained by the container 30 and the ink feed hopper 
26 and container 30 of carriage 12 are beforehand connected through the tube 24. A sample solution object is 
filled up with this example into a discharge head using the suction pump 34 carried in the ink jet printer. That is, 
as explained using drawing 1 , in order to prevent the blinding of a nozzle, the device for attracting ink is prepared 
in the printer used by this example from the nozzle, and it is filled up with a sample solution object in a discharge 
head fi^om a container 30 using this device, the location (home position) where carriage 1 2 has specifically 
shunted when a printer does not print — the cap 32 is formed (refer to drawing 1 ), carriage 12 is made to shunt 
at a home position caudad, cap 32 is raised, and cap 32 is pushed against the inferior surface of tongue of 
carriage 12. If it carries out like this, the nozzle of a discharge head will be sealed with cap 32. Subsequently, if a 
suction pump 34 is operated and the inside of cap 32 is made into negative pressure, a sample solution object will 
be attracted in a discharge head from a container 30. The air which was in the discharge head is altogether driven 
out, in case a sample solution object is attracted, and after sample solution object restoration, air bubbles do not 
remain in a discharge head. The pump mechanical component 56 shown in drawing 6 is controlling actuation of 
cap 32 or a suction pump 34 by the bottom of control of CPU according to the program stored in ROM of built-in 
for a controller 50. 

[0048] The container 30 is formed in a location where the oil level of the contained sample solution object 
becomes the almost same height as the nozzle location of a discharge head. In this way, since a liquid will once be 
held in a head according to an operation of the surface tension of a liquid if filled up with a sample solution object 
in a discharge head if it sets, the filled liquid does not flow out of a nozzle, or does not flow backwards in a 
container 30 conversely. Moreover, it is desirable to form a container 30 so that the oil level of a sample solution 
object may serve as a location lower slightly (for example, about 20mm) than the nozzle location of a discharge 
head more preferably. In this way, even when setting and the filled sample solution object is not able to be held 
with surface tension even if, since it only returns to a container 30, without a sample solution object flowing out 
of a nozzle, it is desirable. 

[0049] In this way, if filled up with a sample solution object in a discharge head, the liquid membrane of given 
thickness will be formed on QCM 100 by carrying out the regurgitation of the drop of a sample solution object from 
a nozzle, carrying out horizontal scanning of the carriage 1 2 (step S20). This is explained referring to drawing 8 . 
Drawing 8 is the explanatory view having shown notionally signs that breathed out the drop of a sample solution 
object and liquid membrane was formed on the electrode 106 of QCM100. The small round head which attached 
and showed hatching all over drawing shows the drop which adhered on the electrode 1 06. A drop is made to 
adhere to homogeneity to the predetermined measurement field which an ink jet printer can carry out the 
regurgitation of the ink droplet to each pixel which constitutes the image correctly, and was set up on the 
electrode 106 of QCM100 by this example using this function. In this way, the drop which adhered on the 
electrode 106 will be mutually combined with surface tension, consequently the liquid membrane of uniform 
thickness with a sample solution object will be formed on an electrode 106. 

[0050] If the area of the measurement field which carries out the regurgitation of the drop was decided, the 
thickness of liquid membrane will be decided by the volume of the breathed-out sample solution object From this, 
the thickness of liquid membrane is correctly manageable with the volume of the sample solution object breathed 
out from the nozzle. For example, if horizontal scanning of the carriage 12 is repeatedly carried out for a 
measurement field top and it carries out the regurgitation of the drop in carrying out the regurgitation of the drop 
of fixed magnitude, thick liquid membrane can be formed. Moreover, the liquid membrane of desired thickness can 
be formed by changing the magnitude of a drop for the magnitude of the drop which carries out the regurgitation 
like this example, in being controllable. Of course, the consistency which carries out the regurgitation of the drop 
may be changed, and it can also use further, combining these suitably. In addition, although [ the thickness of 
liquid membrane ] managed with the volume of the breathed-out liquid, it is available [ this example / measuring 
liquid membrane ] for it also as managing the thickness of liquid membrane separately using the sensor which 
measures liquid membrane using not only this but optical technique, or electromagnetic technique. 
[0051] Signs that drawing 8 (a) breathed out the small drop and thin liquid membrane was formed are shown 
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notionally, and drawing 8 (b) shows notionally signs that breathed out the big drop and thick liquid membrane was 
formed. In this way, since it is not necessary to carry out horizontal scanning of the carriage 1 2 for a controlling- 
by controlling magnitude of drop-thickness of liquid membrane, then measurement field top repeatedly, and to 
carry out the regurgitation of the drop, it becomes possible to form the liquid membrane of exact thickness 
quickly. 

[0052] Moreover, the drop from which magnitude differs may be made intermingled and you may breathe out. For 
example, even when only two kinds of drops from which magnitude differs can carry out the regurgitation, the 
thickness of the liquid membrane to form can be freely changed by carrying out the regurgitation of a big drop and 
the small drop at a suitable rate. 

[0053] According to the program stored in the controller 50, CPU performs predetermined processing and the 
control signal for making a drop breathe out is outputted to the head mechanical component 54 and the 
horizontal-scanning mechanical component 52. Or the suitable data which are equivalent to image data from the 
exterior to a controller 50 may be supplied. At an ink jet printer, a predetermined image processing is performed 
to image data, and since it has changed into the control signal for carrying out the regurgitation of the ink droplet 
of suitable magnitude to a suitable location, the regurgitation of the ink droplet of the suitable magnitude for the 
measurement field of QCM100 can be carried out to the controller 50 of an ink jet printer at a suitable rate by 
supplying suitable image data in false. 

[0054] In this way, if the liquid membrane of desired thickness is formed on the electrode 106 of QCM100 (step 
S20 of drawing 7 ), measurement of the oscillation frequency of QCM100 will be started (step S30). The 
oscillation frequency of QCM100 is performed by measuring the electrical-potential-difference value for making 
regularity actual value of the alternating current which flows a circuit, or alternating current, carrying out the 
sweep of the frequency of the oscillating electrical potential difference to impress, as mentioned above using 
drawing 6 . In this way, the time series data of the oscillation frequency of QCM100 are acquired, carrying out the 
sweep of the frequency repeatedly. In addition, of course, the time series data of the oscillation frequency of 
QCM100 may be acquired by impressing the synthetic oscillating electrical potential difference containing a 
predetermined frequency component, and carrying out the Fourier transform of the data of an oscillating-current 
wave which this produced in the circuit. 

[0055] If the time series data of the oscillation frequency of QCM100 are obtained as mentioned above, according 
to (1) type mentioned above, the time series data of the coefficient of viscosity of a sample solution object will be 
computed. (1) Measure beforehand F in a formula (natural frequency of QCM), and rho (consistency of a liquid). 
Drawing 1 0 is the explanatory view having shown notionally an example of the time series data of the coefficient 
of viscosity obtained in this way. As notionally shown in drawing 10 immediately after forming liquid membrane on 
the electrode 106 of QCM 100. although coefficient of viscosity shows an almost fixed value, the inclination which 
coefficient of viscosity increases gradually soon is shown. The place which this data means is explained referring 
to drawing 10 . 

[0056] Drawing 10 shows notionally signs that liquid membrane is formed on the electrode 106 of QCM. If an 
electrical potential difference is impressed to QCM 100, an electrode 106 will vibrate with the sheet metal 104 of 
Xtal, and as the liquid which is in the predetermined range from the front face of an electrode is also dragged, it 
vibrates with an electrode. In this way, the range of the range which vibrates with an electrode according to a 
viscous operation is 1 micrometer or less from a front face, and it is about 0.5 micrometers with the usual liquid. 
Therefore, the coefficient of viscosity measured by the approach mentioned above will have measured the 
coefficient of viscosity of the liquid in the range (measuring range) from the front face of an electrode 106 to 0.5 
micrometers. On the other hand, the range of the thickness of the liquid membrane which breathes out a drop and 
is formed on an electrode 106 is usually about 1 to about 100 micrometers. From this, liquid membrane will usually 
have measured not the liquid physical properties in the interface (gas-liquid interface) which is in contact with the 
gas but the physical properties inside a liquid immediately after forming liquid membrane on the electrode 106 of 
QCM. 

[0057] However, when liquid membrane is formed, from immediately after [ the ], to the interface of vapor-liquid, 
the specific molecules (for example, hydrocarbon system compound of straight chains, such as a glycerol, etc.) 
which have a surface activity operation begin to condense, the volatile component in a liquid volatilizes to it. or 
evaporation of moisture takes place to it, and it comes to have different physical properties from the interior of a 
liquid in it. The phenomenon in such a gas-liquid interface comes to affect the interior of a liquid gradually as time 
amount passes, after liquid membrane is formed. When the effect of such a gasHiquid interface arrives at the 
measuring range of QCM 100. effect will appear in the coefficient of viscosity measured by QCM 100. and the 
measurement data from which coefficient of viscosity changes with time amount will be obtained. From the 
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example of measurement shown in drawing 9 . signs that the coefficient of viscosity of a liquid is increasing are 
observable as the effect from an interface reaches measuring range. 

[0058] Signs that time amount follows on passing and the effect of an interface reaches the interior of liquid 
membrane are typically expressed with drawing 10 using the broken line and the alternate long and short dash line. 
That is, after forming liquid membrane, if predetermined time progress is carried out, the effect of an interface will 
reach to the field shown with the broken line, and if time amount passes further, the effect of an interface will 
reach to the field shown by 1 point lead line. If the effect of an interface reaches to the field of a broken line, 
since effect begins to appear also in the measured value of QGM100, the arrow head A in drawing 9 can be 
considered to be data measured in such the condition. Similarly, the arrow head B in drawing 9 can be considered 
to be data measured after the effect of an interface had attained to drawing 10 to the field shown with the 
alternate long and short dash line. Thus, by reflecting the structure of the depth direction of the liquid membrane 
formed near the interface under the effect of an interface with a gas, and analyzing these data, the data shown in 
drawing 9 can know the physical properties of the liquid in a gasHiquid interface, and become possible [ acquiring 
the information about the physical-properties-structure of liquid membrane of changing in the depth direction by 
the gas-liquid interface ] further. 

[0059] Moreover, as mentioned above, the thickness of liquid membrane is freely controllable by the liquid 
physical-properties measuring device 10 of this example by controlling the discharge quantity of a sample solution 
object. Therefore, if coefficient of viscosity measures signs that it changes with time amount, changing liquid . 
membrane thickness, it is also possible to acquire the information about the liquid physical properties inside an 
interface when arbitration time amount passes after liquid membrane formation. 

[0060] C. Modification : in the example mentioned above, the drop with one kind of sample solution object was 
breathed out, and liquid membrane was formed with one kind of sample solution object. An ink jet printer is usually 
good also in the liquid physical-properties measuring device 1 0 which the regurgitation of has become possible 
and mentioned above two or more kinds of ink also as carrying out the regurgitation of two or more kinds of drops 
to coincidence, in order to print a color picture. Below, the modification of such a liquid physical-properties 
measuring device 10 is explained. 

[0061] Drawing 1 1 shows notionally signs that the liquid membrane with which two kinds of sample solution 
objects were combined alternately was formed using two kinds of sample solution objects, liquid A and liquid B. In 
order to carry out the regurgitation of the ink of each color to an Inkjet printer, two or more loading of the 
discharge head is carried out. If this is used, liquid membrane with two or more kinds of such liquids can also be 
formed easily as follows. First, the sample solution object A and the sample solution object B are held in two 
containers 30, respectively. Subsequently, a container 30 and the ink feed hopper 26 prepared in carriage 12 are 
connected to each by the tube 24. and each sample solution object is supplied to a discharge head (refer to 
drawing 1 ). Here, the sample solution object A is supplied to the discharge head for black ink. and supplies the 
sample solution object B to the discharge head for cyanogen ink. In this way. if the sample solution object A and 
the sample solution object B are supplied to each discharge head and each discharge head is driven, the 
regurgitation of a drop with the sample solution object A and the drop with the sample solution object B can be 
carried out to a desired location. 

[0062] Drawing 1 1 (a) is the explanatory view having shown notionally signs that the liquid membrane formed using 
the sample solution object A and the sample solution object B was seen from the upper part of QCM100, and 
drawing 1 1 (b) is the explanatory view having shown the side cross section of this liquid membrane notionally. If a 
drop with two or more kinds of sample solution objects is made to adhere to a different location in this way and 
liquid membrane is formed so that cleariy from drawing 1 1 (b), the interface of the liquid of these two or more 
classes will be formed in the measuring range of QCM. Therefore, when sample solution objects interact by the 
interface, it becomes possible to observe signs that liquid physical properties change. 

[0063] Moreover, if a drop with two or more kinds of sample solution objects is arranged alternately, it will become 
possible to form an interface with these sample solution object by the high consistency, therefore to also detect 
change of few physical properties by the interaction in an interface by high sensibility. If the liquid physical- 
properties measuring device 10 of this example is used, since a drop with two or more sample solution objects 
can be made to adhere to the location of a wish, the sample solution object A and the sample solution object B 
can form easily the liquid membrane arranged alternately in this way. 

[0064] In addition, although the drop of the sample solution object A and the drop of the sample solution object B 
shall be alternately arranged per drop in drawing 1 1 . it is good also as arranging alternately the field of the sample 
solution object A, and the field of the sample solution object B rather than arranging alternately per drop. Since it 
will not join together ranging over a field even if the drops of the sample solution object breathed out previously 
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even if join together with surface tension if it carries out like this, if the regurgitation of the drop of other sample 
solution objects is carried out later, the interface of two sample solution objects can be certainly formed in the 
boundary part of a field. Therefore, if it carries out like this, it is possible to form certainly the interface of a 
different sample solution object in the measuring range of QCM. 

[0065] Moreover, in drawing 1 1 , although liquid membrane shall be formed for two kinds of sample solution 
objects, liquid membrane may be formed more combining the sample solution object of varieties. Furthermore, it 
may combine so that it is not necessary to necessarily combine the sample solution object of these offseeds 
alternately for example, and each sample solution object may be arranged in the shape of stripes, and it may 
combine or may be arranged at random, and of course, liquid membrane may be formed. 

[0066] Liquid membrane may be formed combining two or more kinds of sample solution objects the shape of a 
layer. Drawing 12 shows notionally signs that breathed out the drop of the sample solution object A, formed the 
liquid membrane of desired thickness, and the liquid membrane of the sample solution object B was formed on it. 
Drawing 1 2 (a) is the explanatory view in which having seen signs that the drop with two kinds of sample solution 
objects was breathed out, from the upper part of QCM100, and having shown them notionally, and drawing 1 2 (b) 
is the explanatory view having shown the side cross section of the formed liquid membrane notionally. If it does in 
this way and liquid membrane is formed so that clearly from drawing 12 (b), a different sample solution object will 
produce an interaction in an interface, and it will become possible to observe signs that the effect permeates the 
interior of liquid membrane. If the thickness of the liquid membrane (liquid membrane according to the sample 
solution object A at drawing 12 ) formed in the electrode side of QCM is changed, the effect by the difference in 
the distance from an interface is also observable. Of course, if thickness of the liquid membrane by the side of an 
electrode is made thinner than the measuring range of QCM, it will also become possible to observe directly signs 
that different sample solution objects interact by the interface, 

[0067] As mentioned above, although various kinds of examples have been explained, this invention is not 
restricted to the example of all above, and can be carried out in various modes in the range which does not 
deviate fi^om the summary. 

[0068] For example, although the ink jet printer which carries out the regurgitation of the drop using a piezo- 
electric element is used in the example mentioned above, the ink jet printer by other well-known approaches may 
be used. 

[0069] Moreover, measurement of the oscillation frequency of QCM100 may be measured using various well- 
known measuring instruments, such as not only the approach mentioned above but a network analyzer, and a 
spectrum analyzer and counter-type frequency measuring equipment. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the outline of the hardware configuration of the liquid physical- 
properties measuring device of this example. 

[Drawing 2] It is the explanatory view showing arrangement of the nozzle which carries out the regurgitation of 
the drop. 

[Drawing 3] It is the explanatory view showing the principle which carries out the regurgitation of the drop from 
which magnitude differs from a nozzle. 

[Drawing 4] It is the explanatory view showing the rough structure of QCM (Quartz-Crystal Microbalance) used as 
the sensor section in this example. 

[Drawing 5] It is the explanatory view showing the principle which measures liquid physical properties using QCM. 

-13- 



[Drawing 6] It is the explanatory view showing notionally the structure of a system which measures liquid physical 
properties in this example. 

[Drawing 7] It is the flow chart which shows the procedure which measures liquid physical properties in this 
example. 

[Drawing 8] It is the explanatory view having shown notionally signs that breathed out a drop and liquid membrane 
was formed on the electrode of QCM. 

[Drawing 9] It is the explanatory view showing notionally an example which measured signs that the coefficient of 
viscosity of a liquid changed with the passage of time. 

[Drawing 10] It is the explanatory view showing notionally why the liquid physical properties measured with the 
passage of time change the . 

[Drawing 11] It is the explanatory view showing notionally an example of the liquid membrane formed using two or 
more kinds of sample solution objects. 

[Drawing 1 2] It is the explanatory view showing notionally other examples of the liquid membrane formed using 
two or more kinds of sample solution objects. 
[Description of Notations] 

10 — Liquid physical-properties measuring device 

12 — Carriage 

14 — Roller 

16 — Platen plate 

18 — Guide rail 

20 — Driving belt 

22 — Carriage motor 

24 ~ Tube 

26 — Ink feed hopper 

30 — Container 

32 — Cap 

34 — Suction pump 

50 — Controller 

52 — Horizontal-scanning mechanical component 

54 — Head mechanical component 

56 — Pump mechanical component 

60 ~ Path 

64 — Reservoir 

100 — QCM 

102 — Electrode holder 

104 — Sheet metal 

106 ~ Electrode 

1 50 — Measuring instrument 

1 52 — Frequency-assignment section 

154 — Oscillating electrical-potential-difference generating section 

1 56 — Current detecting element 

1 58 — Armature-voltage control section 

160 — Records Department 



[Translation done.] 
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(c) fltriEa!i:tbfc^t«iftt(D^fl:«jcat?uT. «(fi2 

iriBxg (B) \t. m^mmt.mmmwLii<r>fii\zmi^ 



(2) 

2 

■^f\^mmtwuu-)5^\zmMm^mmt^iL^(K>^ 
s^tt^aii^-rsxsTS-saii^;^^. 

ffliBxs (A) yi.. ii!^;hmMM±Azmi.w^mf-(r>%m 

Birfexs (B) wte^ssftSw^ffiiaiiSBiiMt 

!^tt^«iJS L cfc e» <i:-r^SS^S|-?«ft:®?eE}gSrti[|Blil!lS± 

[»*^ 1 0 ] mim 9 K«©a'j^gfi-ca& -o x. 

[0 0 0 1] 
[0 0 0 2] 

40 [0 0 0 3] /x;u*^e.-f >i^}S*^*ia:tii-r-5^ife«, y 
XMzi&^^ntL^ >i^n^ni&x(D-i >i7!^^(Dmm 

[0 0 0 4] 

50 s!c^ii!i3£-r*s««iuis$nTii5*^ zti^\tm»pi 
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•5. 

[0 0 0 5] :^%m\t. m^m^\z^n^±.m(DWkm^ 

[0 0 0 6] 

«c!g^tt<o^ 1 'A(om^t:Wim\^it. tis. 

t)-^. mt^<D!^ii^m^r^:^m-c$>-oT. (a) i^i* 

(B) fiis^mmf)mBSi-^tift:zt\zj:i>ttsmmmm 

[0 0 0 7] ±£©«i^*fe{c*fjs-rs*iii3<o 
nmwo^mm^tfs^mmm^izotmvx. ^umwtmz 

[0 0 0 8] f)^f}^^mw<^^(Df^ 1 <Dm^:^mii^uf^ 

t\zj:^xm^mm(Dmm^mw}m±\zm0Sii.. ^mm 
^m^\^rc:itiz^^mmmw.(D^m<^^<D^it^mi^ 

[ 0 0 0 9 ] i^s, Z.O 1 ©aii^:^afe 

fti(Lmx(Dm»^m^m^^m:/3. c: t tts ^ * t *> 

[0 0 10] A>*^5jK#:!iltt0^109J^^a{Ci3UiT 



(3) . 

[0011] mmizimm-r^ii^. mn^(Diiimm^S(. 
[0 0 1 2] un^{^^otmvxmm^m^'r^\zmL 
[0 0 13] \^^mmwizM\^xm^mz'^m^'^ 

20 [0014] s fc> ±mi.rz^^W!^\t<D^ i ©S'js*^ 
. m^mmmtrnz^itr^^m^m^vx, a^a^-s^^ 

[0015] ^^©M^i^BTfi, mnmi^oy^ 
^<Dm^$>^^^iimm*m^x\,^^i:^x<bn. ^tzu 
nmi^'piz^^m^^m^mr^^mfs.Eit^-^^tixi^^ 
-5«^ictj. z(Dj:ofs.mmi)^^mnTS:\zmmr^zi: 

j&^»je.nTl/>-5. ::©J:p;a:a^tt, ^K^J^^bTtit 

m^mf&Lrzm. mmm<D^m!^mmmtmz^ifr 
-r^mi'^mmr^ztitt-^mtfi^. mz, ■i>i7m 
^n^^>i7^m<Dmm^iEm\zumt^z.iimx^rL 

40 mfs.^>^<Dm.^is.E\zn\yxmibx^m.m.u.muizn. 

•5, 

[0016] ±j2E hitm{i^m^(om i ©jnug^^s 

f^2(DUMm{if-<Dmm^9t\h\^x. ^2(dw^^w 
[0 0 17] z.o-tn\i. f^\<r>unmw\zi^^mm(D 

50 fl:. ibi>\>^\t^mi)'^^ffi'^vmit^mtz-oit&.m^(o^ 
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^iiiM^ntm b fc±75^ ^. > i7 ig ^ pt m-r -5 «^ s 

:icD<J:^;^»^, 5feH«:mb>t'f >i7^&?>ii«IIJK 

mm\tmwim\z^u. i.:fy^hmm\zmtsm^-x:$>^rcsb 
\z. ^m-r:(o^Ki^m^mm-r^ztitmmr$>-Drzo 

[0 0 18] B(l^bfc^SOi!>;it< it)-gE^&^^t-^ 

»tmm2 (D^nmi^ t <D^m^mmmm±izmgs.-t^ 
T.mt. (B) m^^i<Dunmi^tt^^m2<Dunm. 
t^t<D^mm^-^ntzmz. mmmW}m<Dmm<^m^ 
mmtmz^itr^mm^m^-r^xmii. (o wie 

[0019] CO vrzm^!^^(Dm 2 ©aa^^j£{c43 

\zM<t-r^mm^m^L. nibntzm-itmizm^f^^T. 

[0 0 2 0] COLT, mtt^mnmi^of^m^mmm 
±\zm^-tn\,t. ^miti&\zid^yx. unmmmis.i^ 

«> m^mm<D-f>'^iz^^-(>i7m^otiiivrmm^ 
^m-r^tz&, i&mvrc^mizitih^nrz-r>i7m± 



(4) 

m^iz^m¥m-r^ct\z^^mi^'^^(D^it^. 

[0 0 2 1] d3L?i:^l i;/£:«^2®ail^*Str«3li 

^-r^cttvxh^^K -rttt)'^, mmmw.±\zmm 
>^m^Lfzt^iz, mm^tmmm^tomizm^-^ti 

^^^m\^-r^:ittLxh^iK 
10 [0 0 2 2] mwjm(Dmw]mmit. mmtmmmt(D^ 
mz^&r^:^m\zmm-r^mm'^. m^mizw-nu:^ 
f^izmmm(DmmmW}ri>m^fs.^. m^<omw}mm 

u:^mzmmt^mmxmm^'^nu. m^cD^^^com 
[0 0 2 3] c:5L/t^i Sfctt^2<oaij^^ffi»c:i3ii 

[0 0 2 4] «w»«tuT«, ±.^^yi7 7.m<r>m.im 

y^^mmmt, tz\.^-^/v^mzm.m-t^z.t.t^ 

[0 0 2 5] 

mm-t^tztbiz. :i^§im(ommm^. :koj::^um!f\z 
'^^xmrnr^. 

A. gSfilJ^ : 

A- 1. A-H>^x7«^ : 
40 A- 2. •fe>-tJ-^ (QCM) 
A- 3. aiJ^vX5^A : 

B. a?«:«5ttOSl5t;^ffi : 

c. mmm : 

[0 0 2 6] A. mmm^ 

A- 1 . A- H-i^iT^fiK : ® 1 «, ^mmmcomi^m 
itm^mm<D/\- \i'yji7m^'S:^vrzmmmx$>^. 
m^^nxi^^^oiz, :^mmm<Dm<^^^m^mmi 

tc, QCM (Quartz-Crystal Microbalance) 100 

50 ^:ll^^^ns-t>■!^•s^^fli5^ii^fc*«|fifei:;it3T^i■&. qc 
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[0 0 2 7] >i7>?x>;/ h7'U>^«> WIfflJffi±T 
U >y 1 2 Sffiai!j$-tt;^t*te,^i];^j:-f >^jK$:Bt 

i7r8<£ia:ffiTSit«)<Did:m'\ry Ytimm.^nx^^^. H 

»*EPBiJ-rs«^tCtt. a#, =^^-\'>J 2®±iSfl(I 

m^^iMJC-t 1- $ t . U 1 2 HEPBUffliffi 

+^ U <y 1 2 S*-r-5<t -5 tC 2 K V 
-)V 1 8 JC«*m, h 2 0 &t/M.T^-\' 'J =J 

2 2 tr<toTffii!j^fn^. +V U 20 

>7 1 2^ffi^Ki$-&^»jf^«±^fi<!:DJ«n^. 

2<D^^SfCi^fflS-B-Tiffiill0n-5 lA^mWl 

sm^-f 5 >i?'TPtait-s ^: tTwrnmrnkiz-f >^ 
[0 0 2 8] >^mmm<Dmwmitm^mmi ox\t, -i 

nXl^T. J-=L--:f2 A-^itX^X. ^^^)vV\2\ZWL 

[0 0 2 9] ^fc, 0:^-r^<t5(C> *^ig0ij«>«#!^ 

nx. QCM 1 0 0d«g«;$nTI/i-5. QCMIOO 

2{c:i^i5$n;t»taj'\v H*tQCMl 0 0©±:^$:jij§ 
■r-5<J;p;a:{i«lC^«$nTt^-5c QCM 1 0 OlCOl-i 

[0 0 3 0] 02«, ^^^i-U-yv^l 2<DT®fflI, TJito so 



=^^+ u -y vi 2<DTSfr«. m^<t^^^\z. 

1 2®TM{c^tt^nfcyx;i'?ij*>e.tt, -oi^mcDjt 

[0 0 3 1] *IIJ6«S|0-r>;^v'x<y h:/U>^'Xt4. 

QCMi 0 0 ±\zumm.»<Dmm^mm\zK'=>mmBk< 

03 (a) «, ttUi'Vy KtC^tt&nfc^jK^Btm 

-r-syxji'Nz (Dmit^m,^miz^i^rzmmmx$>^, 

jK#:ffl*D6 2t, D 6 2 tyX;i/Nz iOTi 

<*ji^6 0 mi^m^ 0 6 2 {cttffir-5jac«:^«i!&T 
^fcJ6©u-y-'-A-6 47ii**^tgtte.nTi.iS. m 

0 6 2<^)±lC«t!xy^^PE*S|Site.nTli 
^. ^^3 0*^^>?:x-:/2 4^^UTia:m's-y HtC#t 
J&$nfct«i^SS«c«, U if- A 6 4 *iloT*K<*^ffl* r) 
6 2^t»*^n5<. tfX^/*TPE«. i^»(0ck5JC« 

ffi^EPja-r^t, mmmmm/vxmtbxmmizm%- 

«IMx:?^;i'^o^SI$fT5^^T«.s. *«JS^JT«. 
ifx'/3!iTP E oi^^gjc^it enzi«ffip.gK^^«jg© 

i^'p^izmm-r^m.nieimmmi ptu^x^xjiii 
z3&^e.id:ai$n-5. c<D*g?jgi p*iQCMi 0 o±\zm. 

[0 0 3 2] 03 (b) it. exy^TPEtcB^sa-r'S 

I p^f^mr^TztbiZit. tfxy^^PEtCftCD«JE<& 

EPinLT'J-tf-A*6 4 7i^^S^#S*0 6 2rtf::-B.etS4 
t0E«:«r®AL. ^-WS^. exi/l{I^P E»CiE«JESrBlJia 

m^o (D^mo^itmizmmr^unt&mmxr^ 
5&^. ^Bmmi>m-r€i>t. uif-A6 4ti0E«fS*D 

6 2 i:»FBHc«3lS&StiT;*^*-5?5:i*{C U 1f-;\* 6 4*^^ 

<Dmmmmmii^fs^o\zm^hx, y xjuiimoymi^ 
(o^ma^iz^ <^mi^rz^f&tui>o ms (b) \zm^Si 
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1 0 0 3 3 ] ss«f}s* 0 6 2 p^iz^^um.nm»i!)mi(^ 

[0 0 3 4] A- 2. ±y^% (QCM) OtiS : 04 
tt, QCMl 0 O©«lJI5:^-rBliq0T*^, 04 

(a) «QCM1 0 GO^SJ^^^Sr^L. 0 4 (b) it 
QCMl 0 0(DS*M>^C«3g<&«t:i;6<JtC^LTti-5. ^ 

fc. 04 (c) iitQcul 0 o<Dmm^nM.m&^yr:v 

Tli-5..QCM1 0 Ott. 0 2|^fC, tKS© 

ifefa^&^OaibTfPfiJtL^cSSl 0 4;!i^'^J6?>n;t«jt 
t^SoTl^^, 7K^BCD^«10 4tt. m^BtD^mmizM 

[0 0 3 5] -«tc:*s«tt. ^1.g|5*^^:^*Jn;JlT^jg 

J:p75;tt»«, «m«tc«0 4 (c) iZ^tJ^olz. 
*iRl i, rj>x>-y-Cl i5j:Z^C2 .t, 3'f;i^Ll t 

1 0 4(Di^ffli|{;:^^tfc«ffii 0 6^mm.\ziim-r^t. 
f6ig«S[»tigi;««»Tigi(i-r-5. f£s-r-5^«?» 

ttJ S tlAc:*S«*^'ffl lie.nT*3D, AT*>>h$ mt* 

/?;!^-r'<oig»> -rtii:>'^mm(Dm 

[0036]:;^:{-. QCMIOO SrffitiTfgl^CDtltt^ 



(6) 

/<? 

J: o T §1 ^-r e n-5 J: 5 UT*S«0«® t * {:«» 

mmx^i^Tc^mt. mmmmiimr}f3i:^mzmw]V 
Ti^^m^^m^miz^\^rch<ox$>^o m^tHio 

IZ, 7KS©»1S1 0 4H^b;tgE5^T«SS#^«7KSSt 

/Jns<^o. ^m^^m^!mmmtirzt:i^-c\t. hit 
^mmtmmLxi'^/s.y^. m^itm4\z^Lftmxit. 

[0 0 3 7] 3:®<t5tC. ?^*^4'T7kS«^«i!j^-B--5 
t, *a«<i:i*)t, «DB*ie>B)f)£|iSiaoiK#:'bl^B#fc 

30 [0 0 3 8] i¥aBJS:||g^l::j:ntf, 7KS«*«**:«f Tfl 
tt T? i <D FbI tc J: 'DUmm^moi.-ozi: 

6F = k • V" (F • p • 7?) ••- (1) 

k«lt«»J^ScT»l9. Ftt7KS«S*<Dg|*ffi 
ftSC. p«?eE#:(D?gg?T*-5, FCDfiit.p©Mfe, lif 

^*fen«, (1) *a[«:o*!;tt^s$r»:ai-r-5 

[0 0 3 9] A-3. »J^i^7.7^A : 0 6 «, *|lifi«SJ 
OSS«c!t^)tt«l:eSlg 1 0*ffll>T<8^bZiS!l:t->>^xA 
®«tg^^-ryn y^0TS-5. f0E«:i^^45S!l^-r-5-> 
7.7^A«, QCMlOOi, ^JKi£ti:l±J-r-5i±m-^>y K 
$rI*gji5Lfc^+ U .y V 1 2 i, U 1 2 

S-&«^-vU>>v^-^2 2 atm^y y^$>i>mt^ 
QCMi 0 oo^iijl&^^ai^-r^Sl^gSi 5 0 
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[0 04 0] 3>hD-^50H. CPU-^. RAM. 
50(3!)ROM{C«, +-vU-yi?l 2S:±^aEL:30ld:ttJ 

H<£K»iUTQCMi 0 Q ±.\zmm^mm-^rzr!b 
QCMi 0 o±co^^&fitcjKjiSdsjgfig$ns, mmv 

tzii^\Z. QCMI 0 Ot«*Soafil 0 4j&«JR«fi$ 

nT:feo. ^si 0 4±(rjS)K*^j^fig$n^t, 

to 0 4 1} ateggi 5 o«, QCMI 0 o<D%mn^ 

Tm.m'^^ 1 5 2 jgMttfiEfe^ge 154^. mm^ 
tiigei 5 6 sjE^ifligei 5 8 i. mmmi eot^ 

^fcUTQCMi 0 oiD^mmmk^m'^-r^. 

[0 0 4 2] 5t-r. ^«»:f§^g|5l 5 2-CSll^LJ:5i 

tt. QCM 1 0 0©2ocD«®tcHJin;jn, qcmio 

0 isij^gg 1 5 0 }ixx>t-o(D^m.m^^mi^Lx\'^ 
^. se-DT. iiii^{c«^i!j«ffif8^gpi 5 4-e^^$-i*- 

^. d-sLT, M^\z\tmzm'&<Dm%m<D^mm.mti^ 

JlftSJt^gei 5 2{i, QCMl 0 0(D«@tCB]J!jpr^ 

^HUTVK. Jt:t^«f!c*iQCMl 0 0 <D^^«^ij^Sc 

«JE^JPgCl 5 8«9]jPTSJii6m<Dfii|6*Vh$<75: 
aj: 5 tClg»ttBEf8^g|5 15 4 ^Um-f^, fe»gB 1 6 
0T«, mmi^^^l 5 2;fe<l:t;mffiffl«9gSl 5 8*» 

oTiiS^iKS:$*Ji6n«, QCMl 0 0<r>%i&m^^ 



(7) 

[0 0 4 3] ±m\^Tz^^\Zii^(DXmi<. :k(D 
J:-5{c:7-iJx^1^<£?iJfflLTQCMl 0 0©^fi^& 

^4$-&T> QCM 1 0 0<D«ffi(3EnSn-r-5, -^^fllEE 

Sr^as^meei 5 e-ee^tB-r-s. qcmi 0 o<Dn.m\z 

tf. QCMl 0 0<7)f!|g^»»S:filSilt35iT#«. 
[0 0 4 4] Lfc:7-UX^^S:fiJfflLfc;^«T 

X. (^»fc«0-57KSi6Wl^©Q 
[0 0 4 5] Sfc, Ji»«JEO^ftlSc?&3gBb;5:*<f>a!l 

mmi)^-'&ty3i^j:^izmm\^uA^iE>mmizmm-r^n 
&mi:ikm-t^:»m<Dmz. -^mm<Dmmm&?:wm 
i.mi?>m^'S:i^n^^&tt^m<Dmm^m^-r^:&m\z 

J:oTt)S!l^T5;:<i:t)T^^o *^*^^;^rj*&fflti;fc« 
a!lSgg©^jgS:fS«?at>©t-r-&c:i:*i-C#-5. ^1 

30 tiizm^x^m.mm<Dmmmi)i—&<D^PFxm^-r^m 
^li. ^^iz'Mi^timmmnxQcuiimwi-r^ii^ 

[0 0 4 6] B. mf^^ii(Dmm:^m:mnt, :^mm 
m<Dm»miim^mmio^mf^^x. ^nmi^<D^ii^ 

A^A^^ya-^^'-hizU-DX. i&i^^^<Dm^^miz 

'D'^^xmm-r^, 

[0 0 4 7] SI^<£;MJ&f St, 9c-rmtb\Z. +^ U 

i^i 2jH<D\±tii^y\i\zm.nm<^^i6m-t^ (7,x-yy 
10 sio) . 01 ic^b/iiofc. &.nmmi^^3 oiz 

^S§3 0 2 4 <£^bT^i&«g^$nTli 

s. >i?i^x-> hyj>^(c^«sn 

iz^m-t^. -tui:)-^, mi^m^^xmmvTz^oiz. 
:^mmmxm^^ftz/^)>^\zit. yx;Ki!)gig*o^i» 
±T^tzibizy xm^i^^ yi7^^mt^rztb<Dmmi)^ 
wtmtix^o. z(Dmm^mmLx, ^^3 0*>e.pt 
tti^y \^pnzunmi$-^^m-t^. mwmzit. 7'u> 
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•y^S 2rt<£^aEtCbT-^*t, §S3 0*»e>titipfji^# 

[ 0 0 4 8 ] 3 6 «, iRi^LfctS»^<*^<DJSffi*tia: 
■b^i^th^y H®yX;i'fe«J;0=&^A^»c (^JAtf 2 Om 

w^mmmtuzjz-Dx^mx^fs.A^-otcm^x'h. m.n 
[0 0 4 9] :i^i^xatm^y \^}^\zm.nmi^^^m\^ 

1*SS«JCD«S}SSrPtaif •5CttCj;0, QCM100©± 

<&> a8<£#H3u;^yi^*e.uj§g-r-5, 08«, qcmio 

A-;/5'>i^^#LT^bfc/jNS/j:A«> «@ 1 0 6±tC 

T«QCMi 0 o©«@i 0 e ±\zm^vrzm^<Dm'^ 
mmzi^-\zmm^nm^-s:^, :z^vxmmi o 6± 
izami^tzmmii. smm:fnz^^xm^izf&-^L. ^ 
Wife*, tt®io6±K«, u.nwLW\z^^i^-u.mi^ 
(Dwmtm^^fi^ztxzti^, 

[0 0 5 0] }^iB*ia:llS-r-5»l5t®«©®a*tgt*-3T 

\>^n\t^m<Dmm\i.^\hhtzUMm.V('<r>wm\z^-:iX^ 
2). mx\t. -^(D±^^(Dmm^^m-r^m-^\z\^. 



(8) 

fc> :^nmm(D^o\z^\^-ti>m.m<D^^^^m'm'^^ 

[0 0 5 1] 0 8 (a) «, /h$^ifKijS<&ia:mbT»l> 
SaE«i2:?gfiEUfc«l^«:li.'g;WfC^LT*5 0. @8 (b) 

t\zi:^xwm<om^^um-t^:Lt.iz-tmt. mfE.m. 
t^-j^-^mmiK^ayx. iEni3.m^(r>mm^mm.\zm^-r 
[0 0 5 2] ^tz. iz^^<Dmts.^wm^mtE^^xvt 

i * {'^M-r « ;i t *«T ^ .5 . 

[0 0 5 3] m.m^^\^^^^tzii>o>unm^\t.. 3> 

Olc:^^$tlfcyni/5A{ct¥oTCPU*t 

g55 2fc^*UTtB:*7$n5. abS^Hi. :3>hp-^5 

0{C?^tbTi1-gi5*^^>®t^7'-5'tCffl^-r^@m5'-5' 

i7m^mm13.^m\zvtmr^tz1^<Dmmm^\z^m\yX 

5 0 \z. mmi.mm^-9^m^m\z^^r^ z. tx\ 
QCMi 0 o<Dmf^mmzmwf3i:k^-$0)^>i7m=s:m 
w^m^xattat^ c t d^T^^o 

[0 0 5 4] dp LTQCM 1 0 0<O«€il 0 6±tcm 

0) , m^x. QCMI 0 o(Dfgs^isis«)aj^swis 

(X7">y^s3 0) . QCMI 0 o(Dmmm'^&^ 

JliS|gc^X-i'-:7'$-&/j:7iie.. |5|]JSS:S£tlS35jSmog, 
» S l» «5J!gg«iJg©||^<l * -^»C-r -5 ^ 

X'f-T'^-ti-Jid^?.. QCMI 0 0<D^fi^SES:©»SflR 

m^-^^mmr^, m^wi^^^^^^/orz^^ 

jSJ^©x-5'$;:7-'Jx^^-r-5::tHJ;-pT. QCM 

1 0 o<Dmmmm^<Dmj^my'-i'^mmLxhmt>t£ 

50 [0 0 5 5] eil±©J:3JrUT, QCM 1 0 OCD^S^ 
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^^(omjhmy'—^ffin^nfz^. ea^tfe (i) 

(1) s^ifwF (QCM©HW«s6is) . p {.mw- 
<omm) «^»e)»«UT*3<. 01 o«. zovx^^ 

mmx&^o Qcui 0 o<Dmmi 0 6±\zmm=s:m^ 
ufcit^tctt. mi o\ziBt^m\z^r^o\z. *stt^» 

[0 0 5 6] 01 QCMOD^igil 0 6±tr%li[:dt 

}K^$nTt/i-5«^Sr«5g:«)tC3^bTt>-S. QCMIO 

0 \zmi£^mu-r^t7i^^<Dnm io4tt^ \zmm 1 
0 6*mmv. mm<Dm.wii^'bm^wimiz$,^mwh, 
^\^r^n^^o\zvxmmi:mzm.m-r^o zlvvx 
ii&\i<Di^mizjz-:>xmmtmzmmt^mmit. mmA^ 
^ 1 (imsrF(ommx$)r). m■M<Dmwx^to. sum 
esTabs. vt-^x. ±mvTc:^m\z^^xm&^ti^ 
Kumehmt. m 0 6<Dmmi}^^o. 5um^x<Dm 
ffl m^mm) \z$>:bmt^(D^\±m^^m^hx^^^:i 
ttzu^o cmtr^LT. mm'&stmLxmmi 0 6± 
\zmfS.-r^mj^<Dm-^it. mmt, mi umn^ibmi 0 

OMm©|fiHT&S, ZL(DZ.ti)^ii. QCMOflSlO 
[0 0 5 7] tZ-^ti, m.mm^^ni>i:-^(Dm^i!)^ 

^^^■t^jzo^zts.^, z.oLrc^m^mx'<Dm.»i,t. 
mmm^^nxf)^ibmmi)^m7&r^\z^iji-DX. -^mz 
mi^mmzmm^^A^^v\zu^. zvi^rz%m^m 
(D^mti^Qcui 0 o<Dm^mm\zmt^t. qcmi 
0 oxm'^vrzif&{t%mzBm<&nx, tf^^^mm 
mtmz$^it-r^m^y'-^i)m^n^zt\zt^^, m 
9 iz^i^rzm'&m^ e. 1^®*^ 6 oi^s*<iB!i«isiB{c 

^t^Z.tti^X'^^. 
[0 0 5 8] 01 0-C«. BtFBl7J^«SiS-r-5JC#-pT^B 

<Ds^wf)mmmm\zRsm'Fi. musi^^x^-.'^mm^ 

m^nmmMr^tmmxT^LTzmi^^x^mcoB 
mfi^Rzf. Mizmmtimm-nt-s^m^x^vtzmm 

^■r^i, QCMi 0 o<7)S!isffl(c:=t)]^@*^«nii&je)i> 

Btt. 01 0 t-it«iST*LfcfS«*T#iS®fJS*< 



(9) 

tcj:oT. ^m}&mzm^-^ntzmm(Dm^:^t^(Dm7& 

^KfkLX^K). ii^i>^i>y'-^^m¥i-riZ:tiZJ;:-3 

X. ^m^^x'<Dm<^(D!^\t^^^^ti)^x^, wiz 
«. %mnmxm^ij\^iz^i[:t^mm(D!^\tmj.mm 

[0 0 5 9] t9^UitJ;5Jl. 2|£^i66«HJ<D^#:«!l 

10 \z^-dx. i^m<Dm^=s:!^'^\z?sim-r^zti)^x^^. 
m^x. mmm^^^^m^^. ii^^^mmmtmz 

mmbrzt^(D. ^mi^^x<Dmi^mmz-o\,^x<Dmm 

[0 0 6 0] c. $^mm : ±mvTzmmmxit. imm 
<Dmnmmzj:^mm^9taiLx, imm<D^nm^x 

20 fe, mm\zm^mm(Dmm^^iiir^z.ttvxh^ 
miz-Di^^xmrnt^. 

[0 0 6 1] 0iitt. m»Aiim»B(o2mm<Dun 

m^^m^^x. 2mm(Dm.nmm^=f-mmzm.^^t)^ 
ntzmm^m^i'tzm^^WL^^ffjiz^vx^^^. 

z.<D^otim^mm<r)m.mz^^mM%'^<r>iio\z\^x 

l^T, 5'n.-:/2 4T-^§g3 0<!:> + ^ U <;/ 1 2 JCfS 
Ite.tlfc'T >i'ttl^P 2 6 t^^n^'tllCft^LT, # 
K*4tK^t:*ia:m-x-y (0 1 #S?.) . ZZX 

^. c^LT, l^i|£^^gft:A<hi^i|s^^eE^^Bt^£&tt^^l•^•;; 
\t. nmm.^K\zi^^wmi:.u.%WL^B\zj;^^mkii^ 

40 [0 0 6 2] 011 (a) a^^ft:A:feJ;l^Silst}g 
#BS:fflliTJ^figL;rc^l^Sr> QCM 1 0 0 ©i**^^, 
^tzWi-^m.^mZ7r^\,tzWmxtb^. 011 (b) 
«. ;i©{^ll®{aij;&Wf®^|R^W(r^t;^cSi§g0Ta& 
011 (b) c<D<l;5tc«IS: 

mm.<DU.%mi^\zii^M^^ts.^&M.\z^m^^xwL 
ii^j^js-r-st, QcMoS!i3£isiii*iic> c:ne,igfsa 

#®TtB5f^ffl-r ^ t J; o T?K(*:iKltt*«^lt UTli 
so [0 0 6 3] «»afg©a»Sfi««:»Cj;?)}«}g«:=P 
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ffit;^:*. 2ti:|^Jfi0iJ©tat#:i|&ttffl!i)£S«l O&ffltm 

[0 0 6 4] isa, mw.ii^K(nmkiiWM 

[0 0 6 5] 01 ITU, 2mm<r>w^m.v^-^m. 20 

fs.<. m?ni^m.mmmmmzmm-^n^j^vizm^ 
[0 0 6 6] mMm(Dm.mmi^^mmzm.^-^t>'ix 

2 (a) ii. 2mm(Dunmmz^^mmi)^9ttti^nrz 
QCMi 0 o<D±:^:fy^ibMxmitmz^Lrzm 
mmx$>o. mi2 (b) it. m0Si^tirz.mm<Dm-^m 
m^m^miz^vftwtmmxib^. 012 (b) ii^?>m 

^*^)S<J:5tc, :i(DJ:olzLXl^m^meS.t^t. mti 

l^l^gg U T < «^ SrS^-r -5 :i i *i Bjtg t 

QCMa)«ffi(BUcjg^t-*S8EIK (01 2Ttt, ISi^ 
^*^Aic:<t^jSIK) cDlKJP^^^n«. #ffi*^^coSBI 

[0 0 6 7] 6A±, &a(D*J60iJ(COViTSillUT^^c 

[0 0 6 8] m^ii. ±^LTzmmmxit. exys^ 



y^^m^-^xhrntD^K 

[0 0 6 9] ^fc. QCMl 0 0©S§SJlfef5:©a3:£« 

m^(o&mm-^^^m ^^xm^ i^xhrnt^fs.^^. 

[01] ^m:i&m<om»mmm^ms<Dj\-\:oji7m 

[0 2] mm^^mr?>yx)i<D^m^^r^mmx$> 
•5. 

[0 3] yx;u*^^:*5:#$os^j:-5i0cS5?&i}tm-r5iia 

[04] *SliS0iH:*3liT-t>1J-SBi:LTffltifcQCM 
(Quartz-Crystal Microbalance) (D:kt.i)^fji^^^ 

[0 5] QCM*fflliTSS#!|&14S:a^-rsmaSr^-r 
^l|g0TS^. 

[0 6] **il«»|ICiil.iTiR^!^14$a!l^-r-5->7>7^A 
©«ififeSr«l:i:fi<JlC^-r8i?B0T*5, 

[0 8] QCM©«S±tCi^ijiS:ia:UiLTfg^S:J^^U 
Tl.»S«l^$«l:i:e«JlCS^bfcSi?30Tfe-5, 

[0 9 ] ^m<Dmmtmzmw(Dif&^mm^^<tvxf^^ 
<m'i'^m^brz-m^nitmz^-tstmmxs!,^o 

[010] i^ra<Digjat#t{c»j:t$ti:tjK{<ci^tt*t^lk 
LTlKa*m-i:Wfc^-riftW0Ti&S, 

[011] sia:aii®is<sf?g?<i^^fflnTjgritbfcjatigi© 

-^sj sr«i;i: W tc^-ruil^ 0 Tab ^ . 

[012] mw^mm<Dunm»^m^^xmmLftmm<D 
m(D-m^mkmiz^-r^mmx^^, 

1 0 -mw^am^mm 

1 4-"D — ^ 

1 6-y^5^>« 

1 8-:tf'r Mk-JU 

2 0 •••IKf!i'^;i' h 

2 2 " +^U>7-:^^-37 

2 4 "5^i-:/ 

2 e '-f >^«$&p 

3 o - $8g 

3 2-^^'y:f 
3 4- - !»?|Jt^>:^ 
5 0"-3> hn — 7 
5 2 -ijtSEIKttS? 
5 4-'\-;/ HKlftaB 

5 6 "3j?>yigi!,g|5 

6 0-iiK 

6 4 - •Utf-y'? 
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1 0 0-QCM 
1 0 2-^^)1^- 
1 0 4 

10 6 -n.u 

15 0 
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